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Abstract: Accession of Croatia to the EU brought legal, regulatory and market changes for the in-
surance companies. The question that arises is whether the new environment in which the 
companies operate has improved their efficiency. Accordingly, the aim of this paper is to 
separately estimate the efficiency of non-life and life insurance industry in Croatia and to 
compare it through the period before (2009-2012) and after (2013-2018) Croatian acces-
sion to the EU. The research is based on the Data Envelopment Analysis and the obtained 
results indicate an average increase in overall technical efficiency in both, non-life and life 
sector in period after Croatia’s accession to the EU. Still, this increase was not proved to 
be significant. Additionally, although increase in pure technical efficiency was significant 
in non-life sector, an insignificant slight decrease is recorded in life sector. Finally, insurers 
conducting (non)life business activities are mainly operating at increasing returns to scale.
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provide	 comprehensive	 review	 of	 the	 existing	 literature	 on	 efficiency	 of	 insurance	
business	from	the	perspectives	of	the	application	field,	input	and	output,	industry	seg-









to	 numerous	 changes	 in	 legislation,	 regulation	 and	 structure	 of	Croatian	 insurance	
market,	all	of	which	could	affect	efficiency	of	the	insurance	companies.	Thus,	in	the	
context	of	Croatian	accession	to	the	EU	in	2013,	Croatian	insurance	market	represents	
particularly	 interesting	 background	 in	 which	 to	 investigate	 efficiency.	 Specifically,	
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The	study	contributes	to	the	research	of	the	efficiency	of	insurance	business	in	





















































ing,	 “real”	 financial	 services	 related	 to	 insured	 losses	 and	 intermediation	 service.	
The	first	 service	 is	 related	 to	organizing	a	 risk	pool	 that	 results	 in	 risk	 reduction,	
collecting	premiums	from	policyholders	and	redistributing	 the	collected	money	 to	
those	who	suffer	losses.	The	real	services	that	add	value	to	policyholders	are	related	
to	 loss	 prevention	 services,	 designing	 of	 coverage	 programs	 and	 recommendation	































Rees	&	Kessner	 (1999)	 analyse	effect	of	deregulation	 related	 to	 removing	 the	
obstacles	to	competition	within	and	between	insurance	industries	of	the	members	of	
the	EU,	on	the	efficiency	of	U.K.	and	German	life	insurance	companies.	They	find	
modest	 improvements	of	 the	efficiency	 in	 the	period	from	1992	 to	1994.	Ryan	&	
Schellhorn	(2000)	study	the	impact	of	the	risk-based	capital	(RBC)	requirements	on	
cost	efficiency	of	US	life	insurance	companies	in	the	period	1990-1995.	According	
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tion	can	be	 found	 in	many	 insurance	studies	 (e.g.	Cummins	&Xie,	2013;	Medved	
&	Kavčič,	2012;	Eling	&	Luhnen,	2010).	Additionally,	in	the	study	of	Cummins	&	











subject	to	 	q lBx X0 0- ≥  




























































citing	Yuengert	 (1993),	note	 that	premiums,	 in	 fact,	 represent	 revenues.	Therefore,	
these	authors	 suggest	 the	use	of	 incurred	claims	 instead.	However,	we	agree	with	















premiums	and	 investments	 are	 to	 a	 large	 extent	 correlated	with	financial	 services	
function.
Moreover,	two	input	variables	were	identified	following	the	recent	literature	deal-















explanation	of	 the	variable,	 its	abbreviation	as	well	as	 its	classification	as	 input	or	
output.
Table	1:	Variable	description	
Variable Measure Abbreviation Type of variable  (input/output)
Capital Paid	in	capital	 CAP Input
Labour Number	of	employees	 EMP Input
Risk-pooling/bearing	services Net	earned	premiums NP Output
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Results and discussion 
After	choosing	inputs	and	outputs	that	on	the	most	suitable	way	reflect	the	function-
ing	of	insurance	companies,	the	following	step	was	to	examine	the	correlation	among	












Table	2:		Correlation	 analysis	 for	 insurers	 operating	 in	 non-life	 and	 life	 insurance	
industry	segments	
Non-life Life
CAP EMP NP INV CAP EMP NP INV
CAP 1 1
EMP 0.813** 1 0.255**
NP 0.803** 0.959** 1 0.131 0.788** 1


















N Minimum Maximum Mean Std.	Deviation Median
CAP 164 37,500 557,287,080 76,448,235 108,307,217 40,726,100
EMP 164 4 2,522 407 531 219
NP 164 31,267 2,294,843,040 313,200,897 469,797,564 142,910,922
INV 164 3,055,000 4,833,920,055 620,035,719 988,795,843 235,982,642
Life
N Minimum Maximum Mean Std.	Deviation Median
CAP 130 2,887,500 134,303,825 43,990,245 25,792,693 40,900,000
EMP 130 4 786 239 196 205
NP 130 752,514 564,701,246 178,510,470 152,427,700 184,163,721
INV 130 25,128,412 3,227,222,082 1,148,911,849 1,032,911,030 814,071,504
Note.	All	values	(paid	in	capital,	net	earned	premiums	and	investments)	are	presented	in	Croatian	kunas	(HRK).
Source:	Authors’	calculation.
Table	 4	 presents	 yearly-based	 pure	 technical	 efficiency	 (PTE)	 scores	 obtained	
from	 the	 input	 oriented	BCC	model,	which	was	 applied	 on	 18	 non-life	 insurance	
companies	 that	were	operating	during	 the	2009-2018	period.	Given	 the	scale	size,	
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Table	4:		Pure	technical	efficiency	scores	of	non-life	insurers	(BCC	–	input	oriented	
model)
BCC 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
DMU1 90.23 86.72 88.82 90.1 91.51 95.69 93.06 93.43 100 100
DMU10 100 74.52 100 100 100 100 100 100 100 100
DMU11 100 100 100 100 100 100 100 100 100
DMU12 56.25 56.25 72.39 71.6 75.1 76.11 75.65 75.55
DMU13 100 100 100 100 94.08 100 100 100 100 100
DMU15 38.92 100 58.6 53.94 34.3 91.18 50.3 33.9 28.96 27.97
DMU16 99.17 39.34 99.17 63.77 86.66 100 100 98.64 98.77 99.96
DMU17 53.13 47.68 44.18 41.13 49.3 63.53 63.12 50.51 47.82 55.17
DMU19 34.09 23.39 25.55 81.78 63.98 62.93 63.7
DMU21 60 77.53 100 100 100 100 100 100
DMU22 100 100 92.23 86.93 97.95 89.78
DMU23 70.18 71.17 66.11 65.6 67.43 78.79 100 100
DMU3 67.6 68.07 61.59 65.38 58.47 86.11 100 100 100 100
DMU4 100 100 100 100 100 100 100 100 100 100
DMU5 100 100 100 100 100 100 100 100 100 100
DMU7 100 100 100 100 100 100 100 100
DMU8 58.71 49.82 66.77 57.85 100 80.1 90.42 88.17 86.28 90.63
DMU9 66.11 57.51 67.18 65.4 80.34 83.54 81.16 87.59 91.82 97.03
Average 79.88 76.14 77.03 78.09 83.13 89.07 89.23 89.27 87.81 88.18
Source:	Authors’	calculation.
The	results	from	the	table	4	(last	row)	indicate	a	continuous	growth	in	the	pure	
























Considering	 the	most	efficient	 insurance	companies	 in	non-life	 insurance	busi-
ness,	besides	an	increase	in	the	value	of	investments	for	DMU4	and	DMU7,	decrease	

















Years 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
DMU13 100 100 100 85.8 100 100 100 83.56 83.62 82.02
DMU14 55.01 74.65 100 100 100 100 100 100 100 100
DMU15 99.57 99.57 99.57 99.57 100 92.25 93.31 93.61 93.31 93.31
DMU16 99.17 99.17 99.17 85.51 98.21 100 100 100 100 100
DMU17 48.67 51.36 29.94 30.8 38.32 38.4 42.45 32.95 31.03 42.78
DMU18 100 100 81.32 100 100 100 100
DMU2 100 100 100 100 100 100 100 100 100 100
DMU20 34.09 34.09 34.09 85.23 65.45 15.76 68.07
DMU24 55.52 55.52 50.76 50.76 55.14 23.95
DMU3 100 100 100 100 100 100 100 100 100 100
DMU4 100 100 100 100 100 90.96 87.83 67.72 100 100
DMU6 100 100 100 100 100 100 99.95 100 100 100
DMU8 56.96 56.96 63.25 78.74 100 49.88 75.58 73.72 73.8 74.33
DMU9 86.19 100 100 100 100 86.72 73.03 61.79 59.22 59.87
Average 79.63 82.41 82.83 86.89 89.79 77.09 87.71 84.45 86.75 87.69
Source:	Authors’	calculation.












































DMU’s label average 2009-12 average 2013-18 DMU’s label average 2009-12 average 2013-18
DMU1 88.968 95.615 DMU13 96.45 91.533
DMU10 93.63 100 DMU14 82.415 100
DMU11 100 100 DMU15 99.57 94.298
DMU12 56.25 74.4 DMU16 95.755 99.701
DMU13 100 99.013 DMU17 40.192 37.655
DMU15 62.865 44.435 DMU18 100 96.886
DMU16 75.362 97.338 DMU2 100 100
DMU17 46.53 54.908 DMU20 46.875 49.76
DMU19 41.203 63.537 DMU24 53.14 39.545
DMU21 68.765 100 DMU3 100 100
DMU22 94.79 93.865 DMU4 100 91.085
DMU23 68.265 86.555 DMU6 100 99.991
DMU3 65.66 90.7633 DMU8 63.977 74.551
DMU4 100 100 DMU9 96.547 73.438















Negative	Ranks 3a 3.67 11.00 Z -2.605b

















Negative	Ranks 8a 6.25 50.00 Z -.863b












































































































DMU1 96.2825 IRS 93.75 IRS DMU13 99.39 IRS 99.2517 DRS
DMU10 72.7675 IRS 63.815 IRS DMU14 74.0375 IRS 96.6533 IRS
DMU11 84.2825 IRS 100 CRS DMU15 44.07 IRS 47.0733 IRS
DMU12 27.445 IRS 27.82 IRS DMU16 46.4825 IRS 85.2067 IRS
DMU13 62.3825 IRS 58.04 IRS DMU17 86.5475 IRS 98.5983 DRS
DMU15 90.1075 DRS 90.6667 DRS DMU18 22.21 IRS 69.325 IRS
DMU16 50.5025 IRS 69.7233 IRS DMU2 100 CRS 100 CRS
DMU17 95.7325 DRS 89.925 DRS DMU20 8.075 IRS 31.9733 IRS
DMU19 52.4975 IRS 33.8267 IRS DMU24 14.2925 IRS 30.735 IRS
DMU21 43.525 IRS 53.0667 IRS DMU3 100 CRS 100 CRS
DMU22 99.0375 DRS 96.375 DRS DMU4 97.5475 DRS 90.2433 DRS
DMU23 91.5775 IRS 82.08 IRS DMU6 91.43 IRS 29.515 IRS
DMU3 99.21 IRS 97.5967 DRS DMU8 62.1225 IRS 76.8967 IRS
DMU4 79.53 DRS 69.475 DRS DMU9 92.4125 DRS 97.3967 CRS
DMU5 90.1625 IRS 29.725 IRS
DMU7 100 CRS 100 CRS
DMU8 74.12 IRS 81.135 IRS
DMU9 85.7375 IRS 72.8167 IRS
Source:	Authors’	calculation.
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During	the	2009-2012	period	(before	Croatia’s	accession	to	the	EU),	only	one	non-
life	insurance	company	(DMU7)	had	continuously	scale	efficiency	score	of	100%,	












	 (1)	 	increasing	 returns	 to	 scale	 (IRS)	 for	13	 (11)	 insurers,	 indicating	 that	 their	
output	would	increase	by	a	larger	proportion	and	therefore	insurers	need	to	
increase	their	size	in	order	to	obtain	optimal	scale.
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Our	results	are	mixed,	as	are	those	of	other	studies	of	the	effect	of	deregulation	
and	the	single	market	on	the	technical	efficiency	of	European	insurance	companies,	
which	opened	domestic	 insurance	market	 to	 the	 competition	of	 the	 insurers	 from	


















robustness	 test.	 For	 this	 purpose,	 instead	 of	 using	 net	 earned	 premium	 as	 output	
variable,	variable	claims	has	been	 introduced	 in	 the	analysis.	Specifically,	besides	
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Table	9:		Average	pure	technical	efficiency	scores	before	and	after	Croatia’s	accession	
to	EU	(in	which	claims	were	used	instead	of	net	premiums)







DMU1 84.64 96.30 DMU13 100.00 91.53
DMU10 88.53 100.00 DMU14 82.79 98.88
DMU11 100.00 100.00 DMU15 99.57 82.91
DMU12 56.25 74.65 DMU16 95.76 99.70
DMU13 96.70 99.22 DMU17 40.19 40.54
DMU15 58.72 55.15 DMU18 100.00 95.55
DMU16 73.93 97.59 DMU2 100.00 99.24
DMU17 44.33 56.83 DMU20 46.88 47.33
DMU19 41.36 63.59 DMU24 53.14 36.59
DMU21 70.70 100.00 DMU3 100.00 100.00
DMU22 93.58 100.00 DMU4 100.00 85.04
DMU23 58.06 100.00 DMU6 100.00 100.00
DMU3 61.10 96.99 DMU8 63.98 72.53
DMU4 100.00 100.00 DMU9 96.55 75.65
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in	 the	motor	 third	party	 liability	 insurance	had	been	allowed	prior	 to	 the	Croatian	
accession	to	the	EU,	it	increased	competition	among	insurance	companies	just	after	
the	accession,	when	direct	cross-border	selling	of	insurance	was	allowed.	The	aver-









cession	 to	 the	EU	showed	 that	after	accession	 to	 the	EU,	scale	efficiency	score	 in-










companies	should	 increase	 their	 investment	 in	 information	 technology.	This	espe-
cially	refers	to	the	distribution	channels,	products,	underwriting	and	claim	adjusting.	
In	this	way,	insurance	companies	will	be	able	to	additionally	reduce	the	number	of	
employees	 that	 could	 contribute	 to	 the	 efficiency.	A	way	 towards	digitalisation	of	
insurance	business	has	additionally	accelerated	by	the	coronavirus	pandemic.
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Besides	the	above	mentioned,	the	company-level	activities	for	the	improvements	
of	the	efficiency,	policy	makers	at	macro	level	could	also	contribute	to	the	efficiency	
of	 the	 insurance	companies.	Positive	effect	of	 the	price	deregulation	 in	 the	motor	
third	 party	 liability	 insurance	 confirms	 the	 importance	 of	 this	 policy	 for	 non-life	
insurance	business.	Since	both	 insurance	businesses,	but	especially	 life	 insurance,	




















DMU DMU1 DMU10 DMU13 DMU21 DMU3 DMU4 DMU5
DMU1 1 0 0 0 0 0 0
DMU10 0 1 0 0 0 0 0
DMU12 0 0 0.63 0 0 0 0.37
DMU13 0 0 1 0 0 0 0
DMU15 0 0.01 0.52 0 0.47 0 0
DMU16 0.19 0.6 0.21 0 0 0 0
DMU17 0 0 0 0.48 0.52 0 0
DMU21 0 0 0 1 0 0 0
DMU3 0 0 0 0 1 0 0
DMU4 0 0 0 0 0 1 0
DMU5 0 0 0 0 0 0 1
DMU8 0 0.79 0.02 0 0.19 0 0
DMU9 0.17 0 0.72 0 0.11 0 0
Source:	Authors’	calculation.
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Table	A2:	Efficiency	score	for	non-life	insurers	–	CCR	model
Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Average 
DMU1 86.09 86.28 84.35 85.81 77.66 90.37 85.81 85.02 100 100 88.14
DMU10 62.5 70.57 67.57 66.29 49.19 65.5 70.12 64.02 67.76 66.3 64.98
DMU11 100 37.13 100 100 100 100 100 100 100 93.01
DMU12 14.02 16.86 18.18 20.97 27.78 21.86 17.76 17.63 19.38
DMU13 70.57 100 41.98 36.98 44.16 44.43 47.46 67.72 73.81 67.88 59.50
DMU15 34.06 100 50.58 46.72 31.5 74.88 41.14 33.43 27.71 26.28 46.63
DMU16 33.01 32.73 34.46 32.39 39.85 87.54 92.47 58.54 66.08 66.08 54.32
DMU17 51.6 47.37 41.32 38.23 44.52 53.27 54.86 48.61 40.23 54.13 47.41
DMU19 12.13 19.87 15.59 23.21 18.4 25.78 20.22 19.31
DMU21 12.6 51.21 51.31 48.32 52.26 54.35 43.63 68.53 47.78
DMU22 100 100 89.59 86.07 91.1 89.55 92.72
DMU23 65.07 70.83 58.49 56.15 34.81 67.94 98.76 91.7 67.97
DMU3 67.29 68.04 60.48 64.84 51.17 84.44 100 100 100 100 79.63
DMU4 81.1 80.43 80.39 76.2 68.4 74.57 75.41 66.18 66.81 65.48 73.50
DMU5 100 100 100 60.65 55.01 2.36 24.7 22.62 34.04 39.62 53.90
DMU7 100 100 100 100 100 100 100 100 100.00
DMU8 38.38 47.32 56.9 29.45 100 61.07 76.84 64.61 66.1 68.6 60.93
DMU9 55.48 56.13 59.46 47.7 57.68 63.36 64.86 63.24 61.42 68.16 59.75
Source:	Authors’	calculation.
Table	A3:	Efficiency	score	for	life	insurers	–	CCR	model
Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Average 
DMU13 100 100 100 83.71 100 100 100 82.02 82.43 81.02 92.92
DMU14 34.88 50.09 65.66 100 100 100 100 95.39 97.89 86.64 83.06
DMU15 33.3 40.11 47.83 54.29 29.6 90.24 45.66 32.9 32.79 33.43 44.02
DMU16 38.54 38.63 47.67 51.35 59.9 100 100 90.93 81.27 78.05 68.63
DMU17 42.38 45.65 25.54 26.16 37.77 38.4 42 32.93 30.81 40.58 36.22
DMU18 22.21 29.1 50.94 76.7 100 77.52 69.99 60.92
DMU2 100 100 100 100 100 100 100 100 100 100 100.00
DMU20 2.66 3.13 2.71 6.29 8.13 9.52 15.75 6.88
DMU24 3.26 5.06 7.52 13.89 8.26 11.14 8.19
DMU3 100 100 100 100 100 100 100 100 100 100 100.00
DMU4 92.13 98.06 100 100 100 90.94 86.32 67.46 68.6 74.98 87.85
DMU6 100 100 100 65.72 36.88 51.15 31.7 21.77 19.89 15.68 54.28
DMU8 27.61 34.33 47.11 51.39 100 46.4 70.92 42.01 37.77 49.33 50.69
DMU9 76.56 85.97 100 94.85 98.26 82.41 72.61 61.31 55.48 59.13 78.66
Source:	Authors’	calculation.
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Table	A4:	Scale	efficiency	scores	(SE)	for	non-life	insurers
Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Average
DMU1 95.42 99.5 94.97 95.24 84.86 94.44 92.21 90.99 100 100 94.76
DMU10 62.5 94.71 67.57 66.29 49.19 65.5 70.12 64.02 67.76 66.3 67.40
DMU11 100 37.13 100 100 100 100 100 100 100 93.01
DMU12 24.92 29.97 25.11 29.29 36.99 28.72 23.48 23.33 27.73
DMU13 70.57 100 41.98 36.98 46.94 44.43 47.46 67.72 73.81 67.88 59.78
DMU15 87.5 100 86.31 86.62 91.82 82.13 81.79 98.61 95.7 93.95 90.44
DMU16 33.28 83.19 34.75 50.79 45.98 87.54 92.47 59.35 66.9 66.1 62.04
DMU17 97.11 99.36 93.52 92.94 90.31 83.85 86.9 96.24 84.13 98.12 92.25
DMU19 35.59 84.99 61.02 28.39 28.76 40.97 31.75 44.50
DMU21 21 66.05 51.31 48.32 52.26 54.35 43.63 68.53 50.68
DMU22 100 100 97.14 99.01 93.01 99.74 98.15
DMU23 92.72 99.52 88.48 85.59 51.62 86.24 98.76 91.7 86.83
DMU3 99.53 99.94 98.2 99.17 87.52 98.06 100 100 100 100 98.24
DMU4 81.1 80.43 80.39 76.2 68.4 74.57 75.41 66.18 66.81 65.48 73.50
DMU5 100 100 100 60.65 55.01 2.36 24.7 22.62 34.04 39.62 53.90
DMU7 100 100 100 100 100 100 100 100 100.00
DMU8 65.37 94.97 85.23 50.91 100 76.24 84.99 73.28 76.61 75.69 78.33
DMU9 83.91 97.6 88.51 72.93 71.8 75.84 79.91 72.21 66.89 70.25 77.99
Source:	Authors’	calculation.
Table	A5:	Scale	efficiency	scores	(SE)	for	life	insurers
Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Average
DMU13 100 100 100 97.56 100 100 100 98.15 98.58 98.78 99.31
DMU14 63.4 67.09 65.66 100 100 100 100 95.39 97.89 86.64 87.61
DMU15 33.44 40.29 48.03 54.52 29.6 97.81 48.94 35.14 35.13 35.82 45.87
DMU16 38.86 38.95 48.07 60.05 60.99 100 100 90.93 81.27 78.05 69.72
DMU17 87.08 88.89 85.31 84.91 98.54 100 98.95 99.94 99.29 94.87 93.78
DMU18 22.21 29.1 62.64 76.7 100 77.52 69.99 62.59
DMU2 100 100 100 100 100 100 100 100 100 100 100.00
DMU20 7.81 9.17 7.94 7.38 12.42 60.37 23.13 18.32
DMU24 5.87 9.11 14.82 27.37 14.97 46.5 19.77
DMU3 100 100 100 100 100 100 100 100 100 100 100.00
DMU4 92.13 98.06 100 100 100 99.98 98.28 99.62 68.6 74.98 93.17
DMU6 100 100 100 65.72 36.88 51.15 31.72 21.77 19.89 15.68 54.28
DMU8 48.47 60.27 74.48 65.27 100 93.01 93.84 56.98 51.18 66.37 70.99
DMU9 88.83 85.97 100 94.85 98.26 95.03 99.42 99.22 93.68 98.77 95.40
Source:	Authors’	calculation.
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